Since the attempt by GRAHAM and GERARD1) to record the action potential from inside the muscle fiber with a fine glass pipette, the technique of intracellular recording has been used most widely in the field of electrophysiology.
It is well known that the resting and action potentials obtained by this means show little deviation from their normal occurrence, if the electrode is sufficiently small compared with the size of the impaled cell. This, however, does not necessarily mean that the activity of the local membrane is kept uninfluenced after penetration with a microelectrode.
Suppose, for instance, that the membrane around the site of recording is inactivated locally as a result of impalement.
The intracellular electrode will still record almost a full size resting as well as action potential, if the electric resistance of the local membrane is maintained high and the area inactivated is small compared with the space constant of the material.
Therefore, it is not always easy to detect intracellularly a change, if any, in the local membrane caused by a penetrating microelectrode.
On the other hand, the action potential conducted uniformly along a fiber in volume conductor is known to give to an extracellular electrode a potential change similar to the second derivative of the intracellularly obtained action potentia13, 6, 7) . Since the extracellularly recorded action potential (abbreviated as extrap in the following descriptions) reflects the activity of the part of the membrane around the site of recording more strongly than the intracellularly recorded action potential (abbreviated as intrap), the extrap will be a better measure than the intrap for detecting a disturbance of the condition of uniform conduction which might be caused locally by a penetrating microelectrode.
The present work was initiated from the above viewpoint. Comparison was made of configurations of the action potential obtained simultaneously from the opposite sides of the membrane of the muscle fiber and giant axon.
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METHOD
In the experiment in which the muscle fiber was the material, the excised sartorius muscle of the toad, Bufo vulgaris, was cleaved gently into two bundles along the fibers, after the connective tissue and small blood vessels on the muscle were removed with fine forceps and scissors under a dissection microscope. Damaged fibers on the cleaved surface were removed in the same way. One of the muscle bundles was mounted on a block of slightly convex cork at the bottom of Ringer bath as shown in FIG. 1A with the cleaved surface on top. The stimulating electrode was of coaxial type, made of a small injection needle and a fine silver wire covered by glass capillary for insulation. The intensity of stimulation was adjusted, under observation through a dissection microscope, so as to produce contraction of only one fiber. The distance between the stimulating and recording electrodes was about 3 mm.
In the other experiment in which the giant axon was the material, the abdominal nerve cord excised from the crayfish, Cambarus clarkii, was mounted with a light tension on two cork blocks a and b in FIG. 1B across a small gap between them. Stimulation was made by a pair of electrodes at a point on block-a, where the nerve cord was covered by mineral oil for reducing the stimulus artefact.
The remaining part of the cord was immersed in Ringer solution. At the region of the cord on the gap between the two blocks, where recordings were made, two pairs of giant axons (median and lateral) were clearly seen by aid of a dissection microscope when illuminated from below through the gap. In order to ease the impalement, the connective tissue covering the giant axons was removed at this region. An oblique placement of the nerve cord as shown in the figure also eased the impalement.
For the simultaneous intra-and extracellular recording of the action potential from both the muscle fiber and giant axon, a coaxial pencil-type microelectrode8) consisting of a superfine 3M-KC1-filled inner pipette and a Ringer-filled outer pipette was used. So far as the muscle fiber was concerned, the outer pipette of a larger diameter (20-4014) was found to be more useful for obtaining stable recordings. Presum- ably, the mechanical injury of the membrane was lessened by providing the inner pipette a space to move freely with the contracting fiber. In order to avoid another mechanical effect, the outer pipette was rounded off at the tip by microforging in a platinum-iridium heater.
An Ag-AgC1 plate immersed in the Ringer pool, serving as the indifferent electrode, was grounded by way of a calibration circuit.
The twin triode 12AU7 was used as the cathode-follower preamplifier tube. Both pipettes of the pencil-type microelectrode were separately connected by fine silver wires to the grids of the preamplifier tube. The outputs were led to a compensation circuit for cancelling the interpipette capacitance as well as the individual input stray capaci-tances8). After the compensation, the potential from the outer pipette was led to an RC-coupled amplifier of a time constant of 0.1 sec., and the potential from the inner pipette to a direct-coupled amplifier. In earlier experiments, a two-electron-gun oscilloscope tube was used for simultaneous recording of these two potentials, but it was soon replaced by an ordinary one-electron-gun tube the beam of which was splitted into two by means of an electronic switch working at a rate of 70 kc per sec. At the beginning of each experiment, two beams were adjusted to the same level so that the resting potential could be measured as a potential drop from this level.
The experiments were carried out at temperatures around 18°C late in autumn, winter and early in spring.
RESULTS
I. Experiment
on the muscle fiber; During stimulation of one of the large fibers running along the cleaved surface of the toad's sartorius muscle at a rate of once a second, a pencil-type microelectrode, both pipettes of which were set flush at the tips, was lowered onto the contracting fiber at a point some 3 mm distance from the site of stimulation.
A triphasic action potential typical of the extracellular recording was regularly observed from both pipettes so long as they were extracellular.
The configuration of the response did not change, even when the electrode was pressed against the fiber to make it flattened.
By so doing, only the amplitude showed a considerable increase, sometimes up to 6 mV or more.
After the inner pipette impaled the membrane, however, the extrap was found very often to become diphasic, although the resting and action potentials recorded by the inner pipette were about normal.
In an example illustrated in FIG. 2A , the extrap is diphasic and similar to the first derivative of the intrap, while the inner pipette registers a resting potential of 89 mV and an overshoot of the action potential of 31 mV. Such was the most frequent observation, but in some cases the extrap remained triphasic after impalement of the membrane (FIG. 2 B) , and in some other cases, it followed a configuration of the second derivative of the intrap up to a certain point of time beyond which a deviation occurred, mostly in the way to lose the third positive phase as shown in FIG. 2 C . In a few exceptional cases, the extrap was more like the intrap itself.
Such deviations of the extrap from its normal triphasic configuration appeared LOCAL EFFECT OF CELL IMPALEMENT 83 to relate to the degree of injury caused locally by penetrating pipettes. Attempt has been made to persue changes in configuration of the extrap in the course of time, but the muscle fiber was not an appropriate material for this purpose.
Owing to a relatively rapid deterioration, the muscle fiber did not stand a long time observation. For this reason, the material was changed to the crayfish giant axon. II. Experiment on the giant axon; In this experiment, stimulation was made to the whole nerve cord, as was mentioned in METHOD. The cord comprises a number of small fibers in addition to the four giant axons, but their participation into the activity was excluded by using stimulation of lower intensities which were effective only to the giant axons. It was difficult to stimulate selectively a given giant fiber, but it was not hard to find the fiber of the lowest threshold by exploring with recording electrode.
In the giant fiber, the extrap recorded from the outer pipette of a pencil-type microelectrode usually remained triphasic after the membrane was impaled by the inner pipette. FIG. 3 shows a series of recordings from one preparation. In FIG. 3 A, both the inner and outer pipettes were extracellular but pressed down against the giant fiber. The fiber was indented strongly by the electrode, but the recorded action potential was still triphasic, showing a peak-to-peak amplitude of 13 mV. After pulling up the electrode a little to make the contact with the fiber lighter, the inner pipette was protruded to impale the membrane. The extrap obtained immediately after the impalement was triphasic and similar to the second derivative of the intrap (FIG. 3B) . Records C-D were obtained during about one hour observation with stimulation continued at a rate of once a second. Up to 40 min., the potentials obtained from both pipettes did not change much, except a gradual prolongation of the latency which is probably attributable to an excitation delay at the site of stimulation. Later, however, the extrap began to lose its third phase (FIG. 3 D) , the configuration as a whole becoming diphasic. 
DISCUSSION
It may be clear from the present experiments that the extrap deviates very often from triphasic configuration even when the intrap obtained from the same site is about normal.
Since such deviations are seldom observed before the membrane is impaled, they must have resulted from some kinds of change in the membrane around the site of impalement.
The following analysis was undertaken in an attempt to relate different configurations of the extrap to certain states of the local membrane.
Assuming a uniform conduction of the impulse along a fiber within volume conductor, the membrane current density at any one point (I) in respect to time (t) is expressed, as shown by HODGKIN and HUXLEY3) , by the equation:
in which a is the radius of the fiber, R. the specific resistance of the myo-or axoplasm, 0 the conduction velocity, and V the intrap. Since the potential recorded at a point just outside the membrane is proportional to the density of current across the membrane, this equation shows that the extrap gives a configuration similar to the second derivative of the intrap.
The membrane current density is also expressed in another way3), that is
in which Cm is the membrane capacity per unit square and A, the ionic current density across the membrane at the site of recording. While Eq. ( 1 ) holds only under the condition that the conduction is uniform, Eq. (2) is valid unrestricted by such a condition.
is further divided into two fractions; the ionic current associated with V----the excitatory process , and the ohmic current or . Under the normal condi-& tions, the latter is known to be negligibly small compared with the former5). However, if the effective value of Rm undergoes a remarkable decrease either by serious denaturation of the membrane at the local region or by shunting through a hole made by a penetrating pipette, the ohmic current can play a dominant role, resulting in an extrap similar to V itself. This occurred only exceptionally.
Let us now assume that the membrane is inactivated locally as a result of impalement with a pipette.
Eq (2) For obtaining a clearer view regarding this , let us assume a uniform conduction again. From Eqs . (1) and (2), we obtain Area-B is far smaller than area-A. The tendency of A>B was common in many other cases, suggesting that the "efflux mechanism" is more susceptible than "influx mechanism" to mechanical damage to the membrane by a penetrating micropipette.
In a similar experiment on the frog's sartorius muscle fiber, HAKANSSON2) observed that the extrap was usually of diphasic configuration. He discusses that, because of the slow repolarizing process, the third positive phase of the extrap is accordingly small and was masked by thermal noise of the recording system. This is probable, but at the same time the possibility of impairment of the "efflux mechanism" might not be excluded .
In the above discussions, no reasoning was made of the fact that the intrap keeps its nearly normal amplitude and configuration while the extrap undergoes remarkable changes in configuration, but this is simply attributable to a large space constant compared with the area injured. SUMMARY 
By means
of a coaxial pencil-type microelectrode, simultaneous intra-and extracellular recording was made of the action potential of the toad's sartorius muscle fiber and the crayfish giant axon.
Stimulation was made at a point some 3 mm distance from the site of recording.
2.
Depending on the preparation used and also on the time for which the membrane has been impaled, the configuration of the extrap was various, even when the intrap was about normal; from configurations more like the intrap itself to those similar to its second derivative, with configurations resembling the first derivative of the intrap in between.
3.
In recordings immediately after the membrane was impaled, the extrap of the muscle fiber resembled most frequently the first derivative of the intrap, while that of the giant axon was usually triphasic and similar to the second derivative of the intrap.
4.
The state of the local membrane corresponding to each configuration of the extrap was discussed.
The "efflux mechanism" in the membrane appeared to be more susceptible to impalement than the "influx mechanism".
